). Similar to Oct-4 was upregulated in somatic nuclei injected into 293T cells, leukocyte spheres expressed low levels of Xenopus oocytes. These experiments demonstrated endogenous Oct-4 and GCAP mRNAs, which were sigthat an adult nucleus can be reprogrammed to induce nificantly upregulated in egg extract-treated leukocyte or upregulate embryonic stem cell markers. We wished spheres ( Figure 1I and Table S1 ). Again, Oct-4 mRNA to develop a nuclear reprogramming assay that permits upregulation by egg extract was enhanced by digitonin treatment ( Figure 1I, compare lanes 1 and 3) , and few samples treated without egg extract showed upregula-*Correspondence: niehrs@dkfz-heidelberg.de
). Employing histone core or Oct-4 We tested the competence of extracts prepared from antibody led to the same result (data not shown), but they different stages of Xenopus embryogenesis to rewere not followed up because the specificity of the program 293T cells. Upregulation of Oct-4 mRNA exantibody was too broad (histone core), or because the pression was detected with extracts prepared from eggs endogenous protein in Xenopus is unknown (Oct-4). Imand fertilized embryos at stage 4 (8 cell) and stage 5 (16 munodepletions of other components of chromatincell) but was lost at late blastula stage 9 (Figure 2A,  remodeling complexes were inconclusive (Ini1, BAF 170,  lanes 2-4, and Table S1 ). Furthermore, when stage 9 CAF-1 p60, CAF-1 p150, p300) or showed no effect (BAF embryo and egg extracts were mixed 1:4, Oct-4 upregu-155) (data not shown). lation was inhibited (Figure 2A, lane 5) . Since early blasEndogenous Xenopus BRG1 protein was detectable by anti-BRG1 antibody in Xenopus egg extracts, where tula stage 8 extracts showed only slight Oct-4 upregula- Table S1 ). Xbra mRNA induction at gastrula stage still required bFGF treatment, and BRG1 overexpression alone was ineffective. In animal caps that were bFGF treated at blastula stage, BRG1 and dn BRG1 had minor enhancing and inhibiting effects on Xbra induction, respectively. Morphology of BRG1-and dn BRG1-injected embryos was normal in all cases at stages 8.5 and 10.5, and no delay of development was visible. We conclude that BRG1 extends the competence period of animal cap cells to differentiate into mesoderm. This suggests that BRG1 overexpression can prolong the pluripotency of embryonic cells in Xenopus.
In this study, we have demonstrated that intact adult human cells can be reprogrammed to upregulate embryonic stem cell markers. The in vitro system we developed allows for the study of reprogrammed cells as well as the reprogramming extract. The fact that digitonin treatment is in principle dispensable during reprogramming suggests that the necessary factors can (also) enter the cells by an endocytic route. However, the leukocyte reprogramming achieved by our protocol was clearly incomplete: upregulation of Oct-4 and GCAP was transient and lost after prolonged culture, characteristic pluripotency-associated cell surface markers such as SSEA-3, -4, Tra-1-60, and Tra-1-81 were not detectable, and permanent cell lines could not be established (data not shown). Furthermore, leukocyte clusters and spheres failed to grow when transplanted in nude mice (data not shown). General intra-and interexperimental variability colleagues [6] was confirmed in our system (see Table   Four DNA access (for review see [24] ). We show that BRG1 Afterwards, the competence of animal caps for mesois not only required for upregulation of Oct-4, but that derm induction gradually decreases because cells loose it can extend the competence period to form mesoderm their pluripotency and differentiate into ectoderm [22] .
in Xenopus animal cap explants. This finding points to We therefore tested if forced BRG1 expression by mRNA an important role of chromatin remodeling for both ininjection might promote pluripotency in animal cap cells duction and maintenance of pluripotency during repro-( Figure 3A) . As expected, animal caps induced with gramming and early embryogensis. Indeed, homozybFGF expressed the mesodermal marker Xenopus gous BRG1 mutant mice die during the periimplantation brachyury (Xbra) only when they were treated at blastula stage [ 
